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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an Sn-Zn-Cu-Sb based lead-free alloy which can properly maintain 
mechanical properties while maintaining electric characteristics as those of the external electrode of a 
metallized plastic film capacitor to practical ranges. 

SOLUTION: The lead-free alloy for the external electrode of a metallized plastic film capacitor has a 
composition containing, by weight, 0.5 to 25% Zn, 0.01 to 5.0% Cu and 0.01 to 0.4% Sb, and the balance Sn. 
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[RIB] ^Mft:7 0 ^xf-7^7^;bA3yxy9-©^- 
fflrm®£MiEtcVffiir& £ t "CSS S n - Z n - C 

[ft?!*?©] ZnffO. 5-2 511%, CutfO. 
0 1—5. 0M%, Sb^O. 0 1-0. 4Mfi%, 
S n fflfflfrb * § f 1 X f- 7 * 7 >r a y 7 s 



1 

ZntfO. 5-2 511%, CutfO. 

oi~5. om%, sbtfo. oi— o. 4M%, 
s n arcsapfr 5 ft s ASffc^ x f - y * 7 -f ;i/ a n y =? 

[11*112] N i 0. 0 1-1. 0MM%, GaO. 
0 0 5 — 0. 5Mm%, AgO. 0 1-2. 5lM%, 
PO. 001—0. 211%, A 1 0. 0 0 5-0. 2 
M%, S10. 00 1-0. 2fifi%, B i 0. 0 1 

[0 00 1] 

[0 0 0 2] 

[K*©M M^7Xf7^7^;^nyf^ 20 

m<Dfflffl£K.tttircib*&8&k?Z Sn-Zn-Cu 

- s b - p b%km^ftt&mnT^z, 0 

[0 0 0 3] WIPLli, S 1 fc^tl&fS 

iSCfc?^ §[3^Sfi*M. 0-6. lKgf/m 
m 2 , mf& 3 9-5 7. 1 %T\ fl-ffiMMt UT&B 

[0004] ic^^ fle*©»*^<-^ty«&^««« 
^Ksassnsiu iScwswMtw 30 

M, SMW, ^^cSAftM»S^K(SY^tt^a& 
t> MiJftHtlPnlll t ft o T V* o 

[0005] ccDraasiKii-rafea&fe:, ±iEfp v ^±^ 

#£T3S n-Zn-Cu-S b-PbSIB^5.P 
b TSW-SHH^fc Sn-Zn-Cu-Sb 3fc&&ffffl9g£ 

[0 0 0 6] LfrL, COP b|ft£©#R»#&fck 40 

«WttttHfflKHK*« S l ©JfctfcW 1,2, 
3)!c5f!|?j;5t, ZnfcjtfTSS b©*tffflftWfc:£ 
< ft S £ , ^BPtffifflftlip^ fc LT&gft3 Mfifc: 

felz-'T^^jllRl^SaC £ #0 /Co 

[0 0 0 7] ^ft^fc, ^Miff^^-y^y^^J^a 

vr^o^gp*ffiffl^tbT^s (iiiE) ft mm 

#ft«, §l3SftS3~l 1 Kg f/mm', (Wl 0% 

[0008] ^m^mz, ffifrftfcr&^fcv^&oTtt 

ftV\ K<ftD, Cft* 50 



#M 2003-3223 

2 

fijWgf^TSfc, $fiTO-ftD, cti%tifflL1tH& 

[0 0 0 9] 

mwtffmL&sttzMM] commit, c©<fc? 

ftKffifl^Wfi©TTft?nfcfe07\ Sn-Zn-Cu 
-S b^£felj-§S bOZ n£$[-f3M£M£>f C 

^7 ^ >"f y^©^Pf Iffl© S n-Zn-Cu 

- s b sflsj&^sjiwra ctzmttZo 

[0 0 10] 

Mi, ZntfO. 5-2 511%, Cu^O. 0 1- 
5. 0fiM%, Sb^O. 0 1-0. 4Jtfi%, Sntf 

[0 0 1 1 ] ±fafiSfp v ^#fcfc'^?> S n©-g|5£r, N i 
0. 0 1—1. 0M%, GaO. 005-0. 5 MM 
%, AgO. 0 1—2. 5M%, P0. 001-0. 
211%, A 1 0. 0 0 5-0. 211%, S10. 0 
0 1—0. 2fi*%, BiO. 0 1 ~3mM%<D5%fr 

[0 0 12] 

[0013] (i) mi £%.2izyji'?mMmi ~ 3 3© 

fflja©-&^3[3BD3lftfc#tf0ilt[Sfc^ *S2. 0m 

wen 10*, -a-tf-3 3 o#f&£i/feo 

[0 0 14] (2) &tdWfc-o^T§[3K8fi£#tf* 

[0015] (Dfgffin- K-fe;V CffiSSffitD 100k 
g 

©§[3SiIfi 2 0mm/m i n 
®M&mf$. 1 0 0mm 

[0016] c 3 ) mmm 1-33 o$^mmG& 
©ffpffi (ws) mi k&2K.m?twc3D&o 

[0017] fttM, HflSWi~3 3©fflj8 

[0 0 18] f!l£a, ?|®fi3~l 1 Kg f/m 
m 2 , #[fl 0%JK±*-&ftfcl/;fe < , 
[0 0 19] (4) tm<DTciblc, mi tm3lC7f,tit 

[0 0 2 0] (5) Sfc, ^©fp^, -Tftt)^, P 
b 9 0 — 5 5 M% Sn-Zn-Cu-Sb IMtO 



(3) 

3 

[0021] ( 6 ) ^mmmcowm^ «t© t * d t- 

[0 0 2 2] ( a ) ^Hffi^J^rii UT C u Oj&ftlH:, S 

n - z n - s b^^(Dmmam^\^±-r^)]^$ > 

D x Sn-Zn-S b?i^-^ctfW#Sfl&^««W 

[0 0 2 3] H»J 1 <^§«M»§S-&#tt, 

b9 0iI%~5 5ll%-Sn-Zn-Cu-Sb| 10 
^titm.LX^\^mmt^3. 3Kgf/mm 2 £l 

®mm&-e&%mmi&3~i 1 K g f/ mm \ # 

[0 0 2 4] HjftM2«D^aiSWiffl«tf&^{4, 

b 9 0 fia%~ 5 5 BM% Sn-Zn-Cu-Sb 
^tit^bT, §l3g&Stt5. 3Kgf/mm 2 M. 
3 2 fgf&]±U ft tf * 5 0. 5 % t in/ci«W# 
tt*#LTVS<, 20 

[0025] ntfom3<Dftwwmm&&i&, fE*«> 

b 9 0 M%~ 5 5 Mm% Sn-Zn-Cu-Sb 
^ttmLT, Bm^mZB. 8Kgf/mm 2 £l. 
7 fg ffi± L , ft tf* 4 3 . 2 % t V> 3 ft tlfc«« 

[0 0 2 6] lffil4©^gPfgffi»iS^i{i, f£*<Z) 
j£< -fiSfi^gffl^ftTV^ftgPMfflfp^T^ P 
b9 0ii%~5 5li%Sn-Zn-Cu-Sb 
&£J£t£LT\ 3(3l^g&8. 5Kgf/mm 2 il2. 30 

1 2fifi«i±u (TO33 9. 7%t^m.titmwmm 

[0 0 2 7] HMfJ5<D^gP*ffiffl^i&-g-^ti, 

b 9 0fiM%~5 5li%-S n-Zn-Cu-Sbl 
S&tkmLT, 5iSfitt9. 4Kgf/mm ! t 
2. 3 5^[Sj±U WZ?m3 9. 2%i:l/^fttx/c«« 
W#ft^*LTt^ 0 
[0 0 2 8] (b) Hil6~12(i, Ni, Ga, A 
g, P, Al, Si, B i <D5-Z,frP>Wl$ftrc±m*, 40 
Zn-Cu-Sb-Sn ^(DMMM^M^^ S n 

[0 0 2 9] iftieCNKOiftKt Zn-Cu-S 

b - s n^ikcD^mwmitLmmwm. (3\m> 
T^?.^gpfl:afflfp v ^-#-efe?> p b 9 osm%~5 5 a 

m%S n-Zn-Cu-S b^&ZitmLT, 3138$ 
S&5. 5Kgf/mm 2 il. 3 7^[Sj±U #tf* 50 
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5 9. 8%£^?ftft7c|»«#ft%WLT^3o 
[0 0 3 0] ftffi$J7©G a©-gsAPttx Zn-Cu-S 

b - s n %mm^£(Dmik*fflm-fz>%]m % & d , ^© 

Pb90li%~5 5 Mm% Sn-Zn-Cu-Sbl 
^ttmtX, 3Mfi&6. 6Kgf/mm ! i 
1. 6 5fgf«!±U #tf*6 2. 8%£t^fttlfdl« 

[0 0 3 1 ] ifflM 8©S i ©iiAntt, Zn-Cu-S 
b-Sn«^©Wfft (3l®33tS, fttf, iflft 
ft) §[Sj±^€^^I*^$^o HMM8<7)^gP«SfflftS 

fflia-n-^T^?. p b 9 o a*%~ 5 5 mm% s n - z n 

-Cu-S b^&ttt&LT, 3l3f33tgtt8. 8Kg 
f/mra 2 t2. 2{§[p]±U ftl/*4 2. 1 %£t^5 

[0 0 3 2] Hffl0!l 9 COPCOmali, Zn-Cu-Sb 

ft) ^^±2t5Mtf$^o ^WM9fiD^aswimfti 

fflfp o^?*^ Pb9 0ii%~5 5 M% Sn-Zn 

-cu-s b^^titmLr, mimmte6. 5K g 

f/mm'iM. 6 2fg[pJ±U ftt/^5 5. 6%£t^ 

[0 0 3 3] HfitiCT 1 0 ©A 1 ffMMi, Zn-Cu- 
S b - S n% t ®m&&<DMfc*mi? £ 

tcmwmm^. <3\wm., ftu\ *#;tt) ^±£#3 

Pb90ii%~5 5ii%Sn-Zn-Cu-Sb^ 

^titmhx, mimmia. 5Kgf/mm ! i 

1. 8 7fgft±U #W4 8. 0%£t^ftfl/cM$ 
[0 0 3 4] HffiP 1 1 ©A g ?)Ss!)m^ Zn-Cu- 

sb-s n^&cDffi&mwMikLmwmft®. &m 

i i (Dmmmmmm^Mz, m&vfc<-^mdm 
^nrv^mmmm^^xh^ p b 9 oaa%~5 

5MM%S n-Z n-C u-S bm^tttMLT, ?l 
3S^Stt9. 2Kgf/mm 2 t2. 3{g[B]±U #tf 
$42. 1 %tV^ftnfc^ttW#ft^#bTl^ 0 
[0 0 3 5] MMM 1 2©B i <DMMi, Zn-Cu- 

sb-sniM«i«»i (5i3saia^ mf. mm 

SiliS^TS^ Pb90ll%~5 5 a*% S n - Z 
n-Cu-S b5fi^AfcJt«LTx §[3S9IStt9. 7K 



5 

gf/mm 2 i:2. 4 2fg[fi|±U #tf^3 9. 3%£ 

[0 0 3 6] (c) HIMl 3-3 3(1, Ni, Ga, 
Ag, P, Al, Si, B i© < 5-Sfr63ffnfc&S 
Hft< Sb^CDB, Z n-Cu-S b-S n^CD^gfl 
ItSfflfRtfnl^cD s n«D— fiBtUffgUTSanf tUf, 

[0 0 3 7] HSfiMl 3©N i©^Stl^ Zn-Cu- 

s b-s n^A©ianewHftb«a»wi4 10 
as, *isi±*-&ajt&s^*ao mmmi 3© 

i/^^g|5*ffifflSS-a-^T*fe^ P b 9 OMfi%~ 5 5 MM 
fifi 3. 3 2kg f /mm 2 £ 1 7 %«'>T ftgfl 
3-1 1 kg f/mm 2 , fttf 1 0 %£Lh£frr3fc& 
[0 0 3 8] HStS0!l 1 4 ON i CDjfetatt, Z n - C u - 

sb-snn^vmmb&mfcXsmsstmo. (3m 20 

b^^gfflKf^lnlre&^P b 9 0SM%~5 5 Mm 
%-Sn-Zn-Cu-Sb^4i:JtiLT, 
fttt6. 9 kg f /mm 2 ill. 7 2fflfffi±U fttf* 

4 5. 2%tV^«nfc»KW#tt*#L"r^So 

[0 0 3 9] HfifSMl 5CDN i O^Mi, Zn-Cu- 

5 b - S n^©S»WftLi«ett 

a®, iMRtt) s^sftsjass'ss. nffiMi 5© 
^%mmmmm^'e&%p b 9 oaM%~5 5 mm 

%-S n-Zn-Cu-S b&$&£tt&LTs 513538 
fifctlO. 2kgf/mm ! i2. 5 5fg|ft±U ftt? 

[0 0 4 0] HfiSM 1 6 CD G a CD'SIMi, Z n - C u - 

s b - s n s^ia^fiDaftsjqiftfrasfea^* d , * 
*^*So HflfiMl 6CD^gra«fflfe§B^fe«, «cd 

b90ii%~55li%-Sn-Zn-Cu-Sbl 40 
^tJtKLT, 3l3S®£fci:3. 3 1kg i/mmt 

1 7. 2%«^-r*^ mrmmmmm^tLxm 
rmwmm^x^^m^m- \ 1 k g f/ mm 2 , 

[0 0 4 1 ] HffiCT 1 7 CD G a <D'BMi, Z n - C u - 
S b - S nm®M&&(DWt{t*mfflT D , * 

cDissa«w#tt sum© ztfa±z#m 

ItfSS. *SSMl 7cD^gpt«^tef p ^fi, ^(7) 
b9 0iI%~5 5ii%-Sn-Zn-Cu-Sbl 50 
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3&fcJt«l/T\ §l3S3lfifcJ:6. 9kg f/mm 2 t 

1. 7 2fgfPil±U flW4 3. 0%fcV3«-lfc#H 

[0 0 4 2] HSfiMl 8CDG aOMM&s Zn-Cu- 

s b - s n3R»H^©Mffc%jqiwrsS6a^*»), * 
cDlSSitMWWft (3[3S§U& *©:tt) *i«l±***Ji& 

b 9 0M%~5 5ii%-S n-Z n-C u-S b^ 
•&&£Jt8l/T\ 3\W8&&&9. 5kgf/mm^ 

2. 3 7{gf&]±U #tf#4 9. 7%fcV>3«lfc«tt 

[0 0 4 3] HSfSffll 9CDS i CD^AUti, Zn-Cu- 
s b-s n^^cDHMWWtt (3[3S3Sfi> aMRtt) % 

£&T°&ZP b 9 OfiM%~5 5M%-S n-Z n- 
Cu-S b^&t&ULT, 3 3. 36kg 

f/mm 2 ill 6%«4>TStf, 

bT^«««»#ttTS^?l?iaS3~l 1 kg f/ 
mm 2 , fatfl 0%«±*Wrsrc»IIM±ra«H:a 
b\ 

[0 0 4 4] HStS0IJ 2 0 CD S i CDifetatt, Z n - C u - 
S b-S n5fi-&^CD»WflWtt * 

I£*cdi2; < -» Wfcffifli * nt b >3 ^SPSffifflSB 
-a-^-e&sp b 9 Ofi*%~5 5fiB%-S n-Z n- 
C u-S b3fc&&fcJt«LT^ 5l3i^Stt9. 3kgf 
/mm 2 £ 2 . 3 2fg^]±Lfttl/c««fi<l#tt^#tT 
b^So #mil 0%JM±%frr«fcii>llffl±raHH:4 
b\ 

[0 0 4 5] MW\ 2 1 CD S i CDgsijntt, Zn-Cu- 

s b-s n%&&<Dwmtm& (3mm., mm * 
^*cDj£<-»wfc^^tbTb^^gp«ifflia 

^$SP b 90a*%~5 5B*%-S n-Z n- 
Cu-S b^-g-^ilitKLTs §[&3£t£l 0. 1kg 
f/mm 2 1 2. 5 2«|^±bflinfe»B»9Wtt*#t 

b\ 

[0 0 4 6] HffiCT2 2cDPcDgsij[|tt, Zn-Cu-S 

b-s n*»M^©ffiiitt*i^±«*»ffc*jqjiii!i > r* 
as^^o, ^cDiasn«e^wtt (?[®aa, 

IS^Tfe?. P b 9 0 M%~ 5 5 SM%- S n - Z n 
-Cu-Sb^itML/ ^[«a3. 31k 
g f/mm 2 £17.2 %«'>-f 
^i:UT^S*««W#tt?fe^?|§iaS3~i 1 k 

g f/mm 2 , ftin o%&>±.*G?zrctbmm±fflm 
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[0 0 4 7] 3©P©^MiU Zn-Cu-S 

b - S nl^j§Hll^Ojififtft*|qI±?-&K{b*«lM'r-5 

JB^^SP b 9 0aa%~5 5M%-S n-Z n 
-Cu-S b5fr&&fcJ£«LTx §[3SSfiH:7. 1kg 
f/mm ! tl. 7 7{g[fi|±U #0^4 9. 2%£^ 

5ftnfc»K«#tt*#L"rv^«. io 

[0 0 4 8] MMM 2 4 (DP (DWMts Z n - C u - S 

b - s n%mm&&<»wffi&*fa±.z#m\&m\irz> 
^4, flaEfiDj£<Ha»fcffifflsnTv^na»sm 

JB^t$«P b 9 0M%~5 5M%-S n-Z n 
-Cu-Sbl^tMU, Sliifittl 0. 3k 
g f /mm 2 £ 2 . 5 7 {gft±LftnfcH««#ft^W 

20 

[0 0 4 9] H»J 2 5 © A l ©'fSitatt, Zn-Cu- 

s b - S n 5RHSfBfc-&^D«Mt*«JiW"r * sam* 1 * D > s 

fl»*So HffiP2 5©^g««fflfefp^#tt, f£*©j£ 

< -TOtc^^nT^^^WSfflfp^T-*^ P b 
9 0MM%~5 5SM%-S n-Z n-C u-S b^ 
£tttMLT, ?\Wa&&tZ3. 3 3kgf/mm ! ^l 

mwm&T*2t>&3\mim3~i 1 k g f/ mm \ # 

tf l 0%JK±*#^«;fea&ISffl±HHti;&v\> 30 

[0 0 5 0] 6©A 1 ©gsM^ Zn-Cu- 

s b - s n 3fi»i8^fiDa{fc*ffli*j'ras6ifefl'* d , * 

< HK&K^ffl^nT^SftgB^ffiMgh^e&S P b 
9 0aM%~5 5Mm%- Sn-Zn-Cu-S bft£ 
£t5m.LTs 319831*14 7. 7kgf/mm 2 i:l. 

9 2 fflfffi±U #tf * 4 9. 5 % £ V>3 rnifcWffltm 

[0 0 5 1 ] 2 7 © A 1 ©jiM^ Zn-Cu- 40 

S b - S n 3fi»M^©»ft*«lS|-r«Sfta^* 0 s S 

9 0 M%~ 5 5 M% - S n 



Zn-Cu-Sb ^ & 



ig«9. 9kg f /mm £2. 
48. 4 %th^S.ftTc 



4 7fgft±U fftfi 

[0 0 5 2] HSSM2 8©A g©gsta^ Zn-Cu- 

5 b-S n^^c7)^e^lfflftL«»#tt (3I3S 50 



^g««fflfstfn v ^#^ «©E< -ISWfcilffl^IxT 
^SftgBWEfl3«&£&-e&3 P b 9 0 5 5 MM 

%-Sn-Zn-Cu-SbIM^Mbt, 3I3S^ 
Stt 3 . 4 k g f /mm 2 £ 1 5 ftfflW. 

~1 1 kg f/mm\ Wl 0%«±^#-TSfci6^ 

[0 0 5 3] lI!2 9(DAg«tt^ Zn-Cu- 
Sb-S n*-&^®«SSe*«»I{fcl/««fiWtt (3m 

i/^^«Sfflfp^TS§ P b 9 0 Mfi%~ 5 5 MM 
%-Sn-Zn-Cu-Sb^tMU> 3l3B3i 
fitt8. 7kgf/mm 2 i;2. 1 7#f|ft±U fftf* 
3 9.4 %t^5*nfc««WWtt*#LTV«o 
[0 0 5 4] MMM 3 0 © A g ©tft&tH^ Zn-Cu- 
S b - S n^i©gSi^»ftLlii)#fi (3131 

^glMffl»gr^4, «©£< -KWKffifflStlT 
^ZftfflW&fftf&S&'V&Z P b 9 0 M%~ 5 511 
%- S n-Z n - C u - S b^tMlt, 3M 
SSI 0. 5kgf/mm 2 t2. 6 2 {SlcO/Cftflfc 

8M*«Wtt**rLTVS 0 fftfttl o%Jw±**tr*;fe 

[0 0 5 5] HfflM 3 1 COB i ©gstote, Z n-C u- 

sb-sn^#©wttt (Bmim, m&m * 

^t^Pb 9 0MM%~5 5MM%-S n-Z n- 
Cu-S b3R-&^tJt«LT, 3(3l3Sati;3. 32kg 
t/mmt\ 7%M / >lT3^ ^SMWMn^l/ 
LT^«HttWWI4Tfe^3l31^S3~l 1 kg f/ 
mm 2 , fftfl 0%«±*frrSfe«»llffl±raiHfci:a 

[0 0 5 6] ^il3 2CDB Zn-Cu- 

Sb-Sn^©iWtt (3(3l3Sa * 

^it^P b 9 0fi*%~5 5SM%-S n-Z n — 
Cu-S b3fc&&fctt«LTx 3(3l^a«6. 9kgf 
/mm 2 t 1 . 7 2«|«r±b#tf*4 2 %^V>5fttlfc 

[0 0 5 7] iii 3 3 © B i ©!iA M tt, Zn-Cu- 

Sb-SnSM©i»»tt (3I3S^ iBTO * 

^S'&sa&^sso H8SM3 3©^««fflfeiSp-& 

^4 , |^*©JS < -iKWtcffiffl S ftTVS nSP^ffifflSB 
^T$>?.P b 9 0fi*%~5 5SM%-S n-Z n- 
Cu-S bSVg-^Jt&LT, 3(31^41 0. 4kg 
f /mm 2 1 2 . 6{gfr±Lftnfc$t«fl^tt£#LT 



[0 0 5 8] (7) JfcRWfctWT 

fl-3W&Rtff&& , v&% p b 9 o mm%~ 5 5 mm% S 

n-Zn-Cu-S b5R-&&tJt«LT^ SMfitf 



2. 7kgf/mm t32. 5^-- fey YWP~?%Tc 

o 

[0 0 5 9] Jt«W 2 , 3 <D-&&fcj\ < -|H« 

teffiM*tiTva^ffl»iiffl«&^T?*a Pb9oii 

%~5 5ii%S n-Zn-Cu-S b t KM b 
T\5l^&fitfl5. 3, 14. 1 kgf/mm 2 ^ 
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* [0 0 6 0] J£t&0tl4, 5, 6, 7, 8, 9, 10©& 

< -is w tffiffl * ^ « ^gtwumia 

^TfeSP b 9 0II%~5 5B*%-S n-Z n- 
Cu-S b^^tit^tLTs 3fiK8te#2. 7~2. 

72kg f /mm tm^rctbft$mmmte&&&£ l 

[0 0 6 1] JtifcMl 1, 12, 13, 14, 15, 1 

6, 1 7©^#(i, HRWfctefflSttTVS 
P b 9 0fiM%~5 5MM%- 
10 Sn-Zn-Cu-SbMititfLT, §f®SS*' 
15. 5-16. 9 k g f/mm 2 tfiTrffSfcfe, ft 

[0 0 6 2] 
[Hi] 
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